Increased cardiovascular complications have been observed in PHA patients [5] [6] [7] [8] [9] [10] [11] . As compared to patients with essential hypertension, those with either IHA or APA had increased occurrence of cardiovascular events independent of blood pressure [8] . Previous studies have assessed the incidence of vascular complications in PHA patients as a whole or have grouped the patients according to subtypes [6, 8] , combined hypokalemia [9] or tumor size [10] . The influence of PHA on cardiovascular events may be more pronounced in men due to the lower risk and incidence of hypertension and cardiovascular disease in premenopausal women [12] [13] [14] [15] [16] . Although the loss of this cardioprotection with age as well as menopause suggests a role for ovarian hormones [17] , increased cardiovascular disease risk and events were observed in clinical trials assessing the effects of hormone replacement therapy in postmenopausal women [18, 19] .
Because gender-related differences have been observed for cardiovascular disease risk and occurrence, this retrospective study aimed to test the hypoth-lectomy (n = 42); (3) diagnosis with IHA after surgery (n = 2); (4) incomplete data (n = 12); (5) was a current smoker or drinker (n=80); or (6) used antisterone (n = 21). After application of the exclusion criteria, 187 APA patients, including 54 males and 133 females, were enrolled in the study. All patients with APA underwent unilateral adrenalectomy and tumor size was measured. This study was approved by the institutional review board (IRB) of the People Liberation Army General Hospital and written informed consent was obtained from all patients.
Clinical measurements and diagnostic criteria
Blood pressure was measured using a mercury sphygmomanometer in the supine position after 10 minutes rest. One physician performed three consecutive measurements and the average of the last two measurements was then recorded.
Patients' height and weight were recorded to calculate BMI. Aldosterone was measured using a commercial assay kit (Northern Biotech, Beijing, China). Serum aldosterone was determined by an assay kit (Northern Biotech, Beijing, China) with detection range between 173.0-5540.0 pmol/L, sensitivity 55pmol/L and intrabatch CV<10%, interbatch CV<15%. Serum creatinine, potassium and sodium measurements were performed in combination with a normal sodium diet using the Hitachi 7600 Automated analyzer (HITACHI Corporation, Tokyo, Japan). Smoking was defined as at least one cigarette a day for 1 year or more. Drinking was defined as 140 grams of alcohol per week for males and 70 grams of alcohol per week for females.
Diagnosis of PHA included the demonstration of increased plasma aldosterone to active renin ratio (≥20) with a plasma aldosterone level >150 pg/mL, as previously described [6, 20] ; diagnosis was confirmed by lack of aldosterone suppression (≥50 pg/mL) after an intravenous saline load as described by Mulatero, et al. [21] .
APA was differentiated from IHA by high-resolution computed tomography (CT) of the adrenal glands (3-mm slices) along with selective adrenal vein sampling or adrenal scintigraphy with iodocholesterol I 131 and dexamethasone suppression. Adenomas were first diagnosed when an adrenal tumor was observed by CT scan and was confirmed by histological examination and decreased aldosterone concentrations upon adrenalectomy. Those patients whose CT scans showed unilateral or bilateral adrenal hyperplasia without any significant adenoma were considered to have IHA.
esis that female sex hormones may protect women from developing vascular complications from APA-induced hypertension. To test this hypothesis, this study compared clinical characteristics, biochemical markers and incidence of vascular complications in female and male APA patients grouped by ages older or younger than 49 years (<49 years and ≥49 years), the average age of menopause among Chinese women.
Materials and Methods

Study population
In this retrospective study, clinical characteristics, biochemical markers and the incidence of vascular complications were compared by gender in patients diagnosed with APA between January 2001 and April 2012. As shown in Fig. 1 , 452 patients were diagnosed with PHA at People Liberation Army General Hospital during the study period. The diagnostic criteria included: (1) hypertension with or without persistent hypokalemia; (2) an aldosterone-renin ratio >20 ng/dL per ng/mL/hour; if the aldosterone-renin ratio was not available because the renin levels were below the detection limit of the assay, the serum aldosterone level should be elevated or at least fall within the upper half of the normal range; and (3) at least one confirmation test that supported the diagnosis of PHA, including saline infusion test, furosemide challenge test or captopril test. Patients were excluded from the study if they had one of the following exclusion criteria: (1) diagnosis of IHA (n = 108); (2) did not undergo adrena- statistical significance in univariable analyses were stepwise entered into the multivariable analyses. All statistical assessments were two-sided and considered significant when p<0.05. Statistical analyses were performed using the statistics software, SPSS15.0 (SPSS Inc, Chicago, IL, USA).
Results
Clinical characteristics of the study participants
Of the 92 females of <49 y, 79 (85.9%) were premenopausal, and three patients had a hysterectomy; the menopausal status of 1 patient was unknown. Of the 41 females ≥49 y, 35 (85.4%) were postmenopausal and one patient had a hysterectomy.
As shown in Table 1 , no significant gender differences were observed in age in either group. However, males had significantly higher BMI than females in patients aged <49 years (p = 0.017). In patients aged <49 years, males had significantly higher serum sodium levels than females (p = 0.003). However, no such gender differences were observed in the group aged ≥49 years (Table 1 ).
Gender differences in vascular complications in APA patients
For subjects aged <49 years, increased cerebrovascular complications (14.3% vs. 1.1%, p = 0.006) such as intracerebral hemorrhage (3 cases with hypertension for 6-10 years, taking hypertension medications and diagnosed as right and left basal ganglia hemorrhage) occurred more in males than in females (p = 0.020). In patients aged ≥49 years, no gender differences were observed in vascular complications (Table 2) .
Impact factors of vascular complications
In univariable analyses, elder age, larger tumor size and cerebrovascular disease history had significant associations with vascular complications, and pre-menopausal females were significantly less likely to have vascular complications than post-menopausal females. After stepwise selection, the independent influences of menopause status remained statistically significant (OR = 0.27, p = 0.002) in the multivariable analysis after adjusting for tumor size (OR = 1.90, p = 0.004) and cerebrovascular disease history (OR = 19.05, p = 0.005).
When we analyzed females only, pre-menopausal females were less likely to have vascular complications than post-menopausal females (OR = 0.33, p = 0.005) Diagnosis criteria and classification of hypertension were in accordance with the 1999 WHO-ISH guidelines [22] . All medical records were reviewed independently by two investigators masked to the diagnosis of hypertension who assessed whether any of the following major clinical events occurred as previously described [23] : left ventricular hypertrophy, angina pectoris and (or) myocardial infarction, heart failure and arrhythmia as well as cerebral infarction and hemorrhage.
The presence of vascular complications was assessed by review of medical records and was confirmed by physical examination and electrocardiography (ECG); 24-hour ECG recording and brain CT were performed on an individual basis as needed, which was described previously [24, 25] . Specifically, left ventricular hypertrophy was diagnosed by ECG. Angina and/or myocardial infarction was diagnosed based on medical history and ECG. Arrhythmia was diagnosed based on medical history, 12-lead ECG, or 24-h ambulatory electrocardiogram; cerebral infarction and cerebral hemorrhage were diagnosed according to medical history. Diastolic dysfunction was diagnosed by echocardiography. Brain CT scans were available for only 33 patients (16 males and 17 females).
Patients underwent urine examination at least twice during hospitalization. The diagnostic criteria for renal insufficiency included serum creatinine ≥133 μmol/L or a creatinine clearance rate ≤ 60mL / (min • 1.73 m 2 ) with the exclusion of urinary tract infection and history of other kidney diseases.
Statistical analysis
Categorical data were presented by count and percentage. Continuous variables were presented by median with the interquartile range (IQR: range from the 25 th to 75 th percentile) due to their non-normal distributions. To avoid the confounding influence from age in the gender comparisons, data were stratified by the mean age of menopause of Chinese females (49 years) as previously reported by Yang, et al. [26] . For continuous data, differences between females and males were compared using the nonparametric Mann-Whitney test. Associations between gender and other categorical variables were analyzed by the Fisher's exact test. Anti-hypertensive drug use before and after the surgery was compared using the Wilcoxon signed ranks test. Univariable and multivariable logistic regression analyses were performed to evaluate the impact factors of vascular complications. Variables obtained to after adjustment for cerebrovascular disease history (OR = 11.11, p = 0.026). Males with higher serum potassium levels were more likely to develop vascular complications, but this association was not observed in females. The impact of serum potassium in males remained statistically significant after adjusting for tumor size (OR = 3.52, p = 0.010) ( Table 3) .
Discussion
Because a cardioprotective role for female sex hormones has been previously suggested [12] [13] [14] [15] [16] , this study sought to assess possible role of female sex hormones in the pathology of APA patients by dividing patients into two groups by mean menopause age: patients aged <49 years and patients aged ≥49 years. In patients aged <49 years, anti-hypertensive drug use prior to surgery was greater in males as compared to females, and males had higher serum sodium levels. After surgery, persistent hypertension was greater in males aged <49 years, likely resulting in significantly increased use of antihypertensive drugs after surgery as compared to females in the same age group. Males aged <49 years had significantly more vascular complications as compared to females. Excluding sinus bradycardia, no such gender differences were observed in vascular complications among patients aged ≥49 years.
Although significant gender differences have been reported in the incidence of autoimmune thyroid disease, pituitary ACTH tumor-induced Cushing's disease and lymphocytic hypophysitis [27] [28] [29] , no such differences have been observed in the incidence of PHA [30] . The present study had more female APA patients (72.9%), which is similar to previous studies reporting a range from 55% to 64.7% [10, [31] [32] [33] . However, analysis of all types of PHA (including APA and IHA) has revealed that the percentage of male patients is slightly higher (58.9-59.1%) [30, 34] .
In the present study, the incidence of vascular events in male patients aged <49 years with APA was significantly higher than that in female patients, suggesting a possible protective role for estrogen. Both estrogen receptor (ER) and aldosterone receptor (mineralocorticoid receptor (MR)) are expressed on the surface of cardiac fibroblasts and myocytes, and they play an important role in blood pressure maintenance and the adaptive response of cardiac muscle to load increase and damage [35] . At the same time, functional interactions between the receptors may occur [35] . Animal experiments and population-based studies have indicated that female gender and estrogen have a protective effect on aldosterone-induced cardiovascular injury. For example, the non-selective ER agonist, 17β-estradiol, prevented MR-mediated cardiovascular damage in mice pretreated with aldosterone and salt [36] . However, clinical studies differed from these in vivo analyses. For example, in the community-based Framingham Heart Study, which analyzed a population without myocardial infarction or obvious heart failure, left ventricular posterior wall thickness and relative wall thickness were positively correlated with serum aldosterone levels, and left ventricular end-diastolic volume and serum aldosterone levels were negatively correlated in premenopausal women, but not in men or postmenopausal women [37] . Conversely, gender differences may exist in age-related MR functional impairment [38] . Milliez, et al. [39] first reported that primary aldosteronism, including APA and IHA patients with cardiovascular events, was significantly higher than in age-matched patients with essential hypertension (including myocardial infarction 4.0 vs. 0.6% and atrial fibrillation 7.3% vs. 0.6%). Also, Catena, et al. [6] found that rates of cardiovascular events in APA patients was three times higher than in patients with essential hypertension. Although the exact mechanism is unknown, the authors speculated that the left ventricle of women is more sensitive to aldosterone when the levels are within normal range [37] . Similarly, the putative cardiovascular protective effects of estrogen observed in premenopausal women in the present study may only be observed when serum aldosterone levels are above normal levels.
The deleterious effects of elevated sodium levels resulting in hypertension and cardiovascular disease have been well characterized by epidemiological studies showing associations between salt consumption and hypertension [40] [41] [42] [43] as well as the beneficial effects of sodium restriction on blood pressure [44] . The gender differences observed for serum sodium levels only in participants <49 y suggests that female sex hormones may reduce serum sodium level. Previous studies have observed increased sodium loss in the presence of elevated estrogen and progesterone [45] . Estrogen and progesterone levels may result in increased release of arginine vasopressin [46] . Furthermore, reduced Na + -K + ATPase pump activity by estrogens was observed in female rats [47] . Further studies are necessary to determine the precise mechanism by which female sex hormones influence serum sodium levels in APA patients.
Surgery is the treatment of choice for PHA [6] . A prospective study on the treatment of PHA showed that for patients with more severe cardiovascular and cerebrovascular risk factors at baseline, either surgical or drug treatment can significantly reduce the risks to the level observed for essential hypertension [6] . Studies have shown that factors related to persistent hypertension after surgery for APAs included gender, duration of hypertension, the use of two or more antihypertensive drugs, BMI >25 kg/m 2 , urinary aldosterone and potassium levels [48] [49] [50] .
This study has limitations that warrant further discussion. First, this research was conducted in a single institution and the results may not apply to other institutions. Secondly, postoperative anti-hypertension drug use only counted the number of different types of drugs prescribed, but not the dosages or the types of medications (e.g., diuretics, beta-blockers or central calcium-antagonists [i.e., calcium channel blocker nimodipine]), which may not reflect the severity of postoperative hypertension. Thirdly, this study examined only APA patients without including a control group with matching clinical features (i.e., patients with essential hypertension). Finally, the presence of other diseases, including hyperlipidemia and diabetes, or use of medications (e.g., contraceptives), which have been associated with cerebrovascular or metabolic complications, were not assessed in the present study.
Conclusions
Males aged <49 years were more likely to have increased serum sodium levels, persistent hypertension following adrenalectomy and increased vascular complications compared to females in this age group.
